Background: Vibrio cholerae is a significant human pathogen worldwide and annually causes some cases of deaths. Contaminated water plays an important role in transmission of this pathogen, which indicates the importance of early diagnosis. Objectives: The current study aimed to perform Polymerase Chain Reaction (PCR) on water and wastewater samples to determine the detection limit for Vibrio cholerae. Materials and Methods: PCR was performed on the DNA extracted from Vibrio cholerae of the contaminated water and wastewater using ctxA gene specific primers. The accuracy of PCR method to detect these bacteria was also assessed. Results: The result of PCR performed on the extracted DNA showed a specific 241 base pair band. The limit of bacterial detection for water and wastewater were 40 cfu/mL and 81 cfu/mL, respectively. Conclusions: In the current study, PCR performance using the ctxA gene specific primers to detect Vibrio cholerae was found highly accurate and specific.
Background
Vibrio cholerae is a Gramm-negative, comma-shaped bacterium belonging to the family of Vibrionaceae and the genus Vibrio; it is the causative agent of cholera which produces symptoms such as rice-water diarrhea and vomiting (1, 2) . Approximately 206 serogroups of V. cholerae are identified with the classification based on variations in the heat-stable somatic O antigens of the strains (1, 3, 4) . Only serogroups O1 and O139 are associated with cholera, which polluted water is the most common source of it (5, 6) . Vibrio cholerae O1 is classified into two biotypes, classical and ElTor and each of the biotypes contains three serotypes named Ogawa, Inaba and Hikojima (7) . Cholerae is spread throughout the world in seven large pandemics (8) . It is an acute life-threatening diarrhoeal disease which causes dehydration and electrolyte imbalance, and death in some cases. It is estimated that three to five million people worldwide are affected every year, and it is responsible for around 100'000 to 130'000 deaths (1, 9, 10) . Most cholera cases occur in poor communities and Developing countries (6) . The pathogenesis of V. cholerae is due to its cholerae toxin (7, 11) . This toxin is an exotoxin and the major pathogenic determinant of Vibrio cholerae which belongs to the larger family of AB toxins and can be transmitted by lysogenic bacteriophage called CTXφ (4, 12, 13) . Although the knowledge on human health has grown, Vibrio cholerae is still a serious threat to human health (7). The high incidence of V. cholerae in water samples indicate the natural inhabitant of the organism in aquatic environments, hence water plays an important role in the transmission of cholerae. It is necessary to determine the prevalence of V. cholerae in aquatic environments (14) . The conventional methods currently used to identify V. cholerae are time-consuming and laborious. These protocols are not adequate to detect low numbers of bacteria. Since under certain conditions, such as starvation and physical stress, V. cholerae organism may enter VBNC state (viable but non-culture able) as a survival strategy, the conventional culture methods failed to isolate these organisms in unhygienic water and contaminated foods (15-17).
Objectives
The current study mainly aimed to detect Vibrio cholerae in water and wastewater by PCR, and determine the accuracy of this method.
Materials and Methods

Preparation of Bacteria
Vibrio cholerae was obtained from the clinical laboratories. Then the enrichment of water samples in alkaline peptone water (APW) was done for 16 to 18 hours at 37°C followed by culture on selective thiosulfate-citrate-bile salts-sucrose (TCBS) medium, afterward yellow V. cholerae colonies were cultured on BHI medium and biochemical tests such as oxidase, TSI, VP, motility, indole, and string of pearls test were performed (18).
Preparation of Spring Water and Wastewater
Water samples were selected from a spring, located in a village around Ramian city in Golestan Province, Iran, and the wastewater was taken from wastewater treatment system located in Damghan city, Iran, and transported to the laboratory immediately on ice.
Preparation of Polluted Water and Wastewater
About 1.35 × 10 5 cfu of V. cholerae, Salmonella enterica, Shigella dysenteriae and Escherichia coli were added to each milliliter of water and wastewater, separately.
Separation of Total DNA
Water and wastewater samples were centrifuged after one hour inoculation by bacteria and total DNA was extracted from sediments by phenol/chloroform method (19).
PCR Optimization on Vibrio cholerae
Specific primers F: 5-CAAATGATGATAAGTTATATCGG3´and R: 5´-GACCAGACAATATAGTTTGACC-3´were used which had been designed based on ctxA gene sequences (20) and constructed by Sigma company. These primers were used to detect and amplify 241 base pair fragment of ctxA gene. The total volume of 25µL contains a final concentration of 0.2 mM dNTP, 0.4 µM for each primer, 2 mM MgCl2, and 1 U Taq DNA Polymerase (CinnaGen, Iran); 1µL of the extracted Vibrio cholerae DNA was used as a template for each reaction. Extracted genomic DNA of Salmonella enterica, Escherichia coli, Shigella dysenteriae and water and wastewater samples with no Vibrio cholerae were used as the negative control. The PCR protocol includes an initial denaturation step at 94°C for five minutes, followed by 30 amplification cycles (denaturation for one minutes at 94°C, annealing for one minute at 51°C, extension for 30 seconds at 72°C) and the final extension for seven minutes at 72°C. Then, 5µL of the PCR product along with the marker (GeneRuler 50 bp DNA Ladder, Thermo scientific, USA) was analyzed by 2% agarose gel electrophoresis.
Evaluation of the Detection Limits of PCR
In order to assess the accuracy of PCR, 10, 100, 1000 and 10'000 cfu of V. cholerae were added to 1mL of water and wastewater and isolated DNA samples were diluted to 1/10, 1/30, 1/50, 1/100 and then PCR was performed on DNA samples with the conditions in the previous step.
Results
Identification of a Bacterial Sample
Vibrio cholerae produced smooth yellow colonies with two to four mm in diameter, an opaque center and transparent periphery on TCBS agar, after 16 to 18 hours of incubation. The results of oxidase, TSI, VP, motility, indole, and string of pearls test were positive. The bacteria were capable of fermenting carbohydrate on TSI media with no gas or hydrogen sulfide production. Vibrio cholerae was confirmed by studying the test results.
Separation of Total DNA
Separated DNA from the pure V. cholerae, polluted water, and wastewater were electrophoresed on 1% gel agarose and one power band was observed.
PCR optimization on Vibrio cholera
Polymerase chain reaction (PCR) assay was carried out on the DNA extracted from the V. cholerae, polluted water, and the negative control samples with primers designed for ctxA and 241bp band was observed (Figure 1 ).
Detection of Vibrio cholerae in Water and Wastewater, and Evaluation of the Detection Limits
DNA samples extracted from water and wastewater generated the PCR product of 241 bp size which did not show up in the negative control (water and wastewater with no V. cholerae); indicating the specificity of the PCR assay ( Figure 2) . The detection limits of the PCR assay for water and wastewater samples were 40 cfu/mL and 81 cfu/mL, respectively, according to the results of the bacterial counts and dilution. 
Discussion
The conventional methods currently used to identify V. cholerae are time-consuming and laborious; therefore, detection methods such as PCR and other molecular techniques are suitable alternatives for bacterial culture and microscopic examination, especially for environmental samples (15, 16) because of high accuracy, specificity and speed. Thus, the PCR technique can be used to rapidly detect and identify Vibrio cholera due to its high accuracy and specificity (14) . Koch et al. used PCR method to detect V. cholerae in food samples. They used primers specific for the ctxAB gene and the detection limits were about 100 bacteria in 10 gr of the contaminated food samples. Specific primers for the ctx gene were used in the current study, except that two sets of primers based on cholerae toxin subunit A (ctxA) were used (21) . Maheshwari et al., used the two methods, microbiological and PCR, on 245 food and drinking water samples, including 35 samples of the contaminated water to identify Vibrio cholerae. In this regard, 34.29% and 63.16% of the samples in the cultivation technique and PCR assay (based on specific primers for the ompW gene) were detected as samples contaminated with Vibrio cholerae, respectively. This study demonstrated the accuracy of PCR to detect Vibrio cholerae compared to the conventional cultivation methods. Agata et al. reported detection limits of 1.4 cfu/ mL for Vibrio cholerae by real-time PCR assay (1). PCR assay was performed on various genes of Vibrio cholerae O1, including zot, ace, tcpA and ctxA, using specific primers.
The presence of virulence genes were analyzed by Leal et al. ; they revealed that all of the toxigenic V. cholerae strains possess these genes (22) . Molecular epidemiological study of the Vibrio cholerae isolated from the infected patients in Teheran, Iran, was done by Pourshafie et al. . Results of this study showed that all of the toxigenic V. cholerae strains possessed ctxA genes (23) . PCR using specific primers for the ctx gene was used in the current study, similar to the study by Yamazaki et al., and detected all cholerae toxin-producing V. cholerae. Vibrio cholerae were detected in water and wastewater by PCR assay and the detection limits were 40 cfu/mL and 81 cfu/mL for water and wastewater samples, respectively. The accuracy of this method was higher than those of the other studies.
The results of the current study showed that specifically about 80 Vibrio cholerae per milliliter in swage can be identified even when the pollution and infection is too much. Cholera is a major public health problem for the developing countries and contaminated water plays an important role in transmission of this pathogen, which indicates the importance of its early diagnosis. The current study provided a fast and accurate method to detect Vibrio cholerae in water and wastewater with a detection limit of approximately 40 cfu/mL and 81 cfu/mL for water and wastewater, respectively.
